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INTRODUCT I ON

A consideraole amount of silver is contained 1n the
Silver cnlor1ae-silver thiocyanate residue resulting from
tbe use of silver nltrate and potassium

~hlocyanate

by

students of quantitative analysis in the volumetric determination of chlorine.

The main objective of the work

described in this paper, therefore, was to find a simple
and efficient method for recovering the slIver from this
silver chloride-silver thiocyanate residue.
Of the various methods of silver recovery mentioned
in the literature, the electrolytic process is the more
efficient and yields a pure product.

A great many methods

for the electrolytic recovery of silver have been proposed
but the majority of these methods are based on the electrolysis of a cyanide solution since the majority of the
common silver compounds are soluble in potassium and sodium
cyanide baths, the latter also being good electrolytes.
Cyanide solutlons, however, are quite toxic as well as
expensive and to avoid these disadvantages, it was decided
to experiment with the recovery of the silver from a

sodi~~

thiosulfate solution.
Although not as common as the cyanide process, toe
electrolytic recovery of silver from thiosulfate solutions
1s employed quite extens1velyln the photographic industry,
particularly by the

~otlon

p1cture processing laboratories
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where recovery of silver from used Ilhypo " or fixing baths
is economically necessary.

The expense of such equipment,

at the present time, however, makes its use by any but
the larger laboratories impractical.
nope
mi

Therefore, it was

that the experlmentation described in tnis paper
t aleo result in tne design of inexpensive equipment

Which might be used Dy the small pnotograpnic shop.

-3REVIEW OF LIT RATURE
A large amount of researcb has been performed and
described in the literature on the recovery of metallic
silver from solutions containing silver ions.

A review

of the literature has shown that electrolytic methods are
in general preferable to purely chemical methods.
Weiner(l) cites a method for obtaining bright electrodeposits of silver from a bath containing 40 grams of
silver (as silver chloride), 170 grams of sodium thiosulfate crystals, 20 grams of sodium bisulfite, and 50 grams
of sodium sulfate per liter at a current density of 0.3 to

0.5 amperes per square decimeter.

The sodium bisulfite

prevents oxidative decomposition of the silver thiosulfate
complexes, and the sodium sulfate facilitates solution of
the anode •.
Neblett(2) mentions several methods by which the silver
in a used fixing bath may be recovered:
Silver Recovery with Sodium Sulfide
The silver is precipitated as silver sulfide by
the ad ition of sodium sulfide to the used fixing bath.
Acid fiXing baths are first neutralized with caustic
soda to prevent unpleasant fumes of hydrogen sulfide.
(1) Weiner, R., Zeitschrift fur elektrochemie, Vol. 45,

pp. 757-759 (1939)

.---

(2) Neblette, C. B., Photography-Its principles and practice.
4th ed. N. Y., Van :;ostrand,-r§42. pp. 361-364.
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The chern istry of this react ion is as follow s:
Na2S +

Na~Ag2(S203)3

=

Ag 2S + 3 Na2S203

Silver Recovery with Zinc
The silver

ay also be precipitated from either

acid or alkaline fixing baths by the addition of either
zinc dust, granulated, or sheet zinc.
obtained if the bath is acid.

Best results are

The rate of precipitation

with granulated or sheet zinc is considerably slower
than with zinc dust.
The chemistry of the foregoin
Na.Ag 2 (S2 0 3)3 + Zn

=

process is:

2 Ag + ZnS203 + 2 Na2S20a

The amount of silver recovered is less than with
sulfide and precipitation .is not as rapid, but no
objectionable odors are produced.
Electrolytic Methods of Recovery
An electric current passing between electrodes
immersed in the fixing bath will cause the silver to
separate either as metallic silver or as a suspension
of silver sulfide depending upon the d ift'erence in
potential.
Silver recovery units of separated copper and zinc
plates forming an electrolytic couple are available
commercially.

When placed in a discarded fiXing bath

containing silver, a current flows tbrough the bath
from the zinc to the copper; if the potential is about
0.7 volts, metallic silver is deposited on the copper
plate.

Since these unite produce a sludge, they cannot

-5-

be placed in a fixing bath when in use.
In the motion picture processing laboratories,(3) the
silver is recovered as metallic silver,and since the pro-

.

cesses employed may be used to remove silver from a fixing
bath while in use, it retains its fiXing and hardening
properties longer.

The factor of expense, however, places

such equipment beyond the resources of all but the larger
laboratories.
Another article(4) on the recovery of metallic silver
by electrolysis on an industrial scale is found in Industrial
~

Engineering Chemistry, Vol. 25, 1933.

The electrolytic

regeneration of fixing baths involves the use of large cells
containing 100 square feet of cathode surface through which
a current of 300 amperes is passed at one to one anQ onehalf volts.

To secure good plating, Vigorous agitation

together with the presence of acid sulfite and certain promoting agents is essential.

The electrodes in this cell

consist of graphite anodes and stainless steel cathodes.
Herr(5) gives a description of the process used by
Metro-Goldwyn-Mayer motion picture studios for the electrolytic regeneration of their fixing baths.

The electro-

lytic unit consists of eight cells (wooden boxes) 3 feet

(3) Hickman, K., Sanford, C. R., and Weyerts, W.

~

(4) Hickman, K., Weyerts, W., and Goehler, O. E.
Eng. Chern., Tol. 25, pp. 202-212 (1933)

Ind.

Mot. Piot.

(5) Herr, F.

~,

Vol. 17, pp •. 568-590 (1931)

Soc.

Metal Finishing, Vol. 39, pp. 427-428 (1941)
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long, 2 feet wide, and 2.5 feet hi3h, each containing eleven
carbon anodes and ten stainless steel cathodes.

Space is

left at the top and bottom of the electrodes to provide for
free circulation of the fixing bath.

The silver 1s left in

a soft mushy deposit which hardens when the cathodes are
removed from the cell.

The hardening deposits are dislodged

by jarring the cathodes against a wooden bench.

The recover-

ed product contains 99 per cent silver and one per cent
gelatin.

-7THEORY AND

CH~1ICAL

CONSIDERATIONS OF THE ELECTROLYSIS OF

SILVER-BEARING SOLUTIONS
Upon passing an electric current between two uncorrodible electrodes ( a carbon anode and a platinum cathode)
immersed in a water solution of a metallic salt,(6) oxygen
gas is generally evolved at the anode and the metal is
deposited at the cathode.

Depending on the conditions, the

metal may be powdery, crystalline, dull or bright, loose
or adherent.

If, however, a current of normal plating den-

slty is passed through a thiosulfate solution containing
silver, no gases are evolved, both the oxygen and hydrogen
being absorbed by the solution.

In general, tetrathionates

are liberated at the anode and a black deposit of silver
sulfide at the cathode.
A study of Mellor's discussion of thionic aclds

e7 ) re-

veals that a simple thiosulfate solution exposed to the air
may contain hydrogen sulfide, sulfur dioxide, thiosulfate,
the four thionic acids, Bulfite, hydrosulfurous and sUlfoxylic acids.

A result of this complex situation 1s the

formation of collodial silver sulfide at the cathode when a
silver-bearing thiosulfate solution is electrolyzed under
ordinary laboratort conditions.

(6) Al1m and , A. J.
istry.

(7) Mellor,

2nd ed.

The principles of applied electrochemN. Y.,·Longmans, 1924. p. Ill.

• W. A comprehensive treatise on inorganic and
theoretical ehemistry. Vol. X, London, ~ngmanSI 19~
pp. 536-538.
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Mellor also describes work performed by other scientists
in determining the actual compounds formed when silver
chloride is dissolved in sodium thiQsulfate.

J. W. Herschel

reported crystals of sodium silver trithionate, 2 Na2S203
·Ag2 S2 0 3 ·2 H20, to be formed by evaporating a solution of
silver chloride in a solution of sodium thiosulfate.

A.

Rosenheim and :3-. Trewendt used the formula, Na4(Ag2(S203)3]
-2 H20.

J. W. Herschel, A. Rosenheim, S. Steinhauser, and

E. Cohen obtained sodium silver thiosulfate,

N~S203·A52S203'

or NaAgS203' or Na[Ag(S203)) from a solution of silver
chloride to a solution of sodium thiosulfate.

In this paper,

the simplest formula, NaAgS203' will be used to designate the
comp~und,

sodium silver thiosulfate.

In the separation of the silver metal from silver thiosulfate, the salt yields ions as follows:
AgCl + Na2S203
NaAgS 20 3

=

=

Na+ +

NaAgS 20 3 + NaCl
AgS 203 -

Since the silver is now in the negatively charged particle,
it is driven away from the cathode toward the

anode~

When

these particles reach the latter pole, the thiosulfate ions
are oxidized and the silver remains in the solution.

At the

cathode the sodium ions are discharged as metallic sodium
atoms and. are so reactive that they decompose any ions in
their Vicinity yielding silver if there remains enough
AgS203- ions; otherwise water is reduced to hydrogen or tbe
thiosulfate is reduced to a series of compounds which are
detrimental to good silver plating.

-9-

It is necessary, therefore, to keep enough silver ions
around the.cathode to react with the electric charge or tbe
sodium atoms so that the thiosulfate will not be attacked
yielding such compounds as sodium sulfide which in turn
precipitate silver sulfide.
This desired condltion can be obtaine

by Vigorously

agitating the bath to renew the solution in the vicinity of
the electrodes.

As the agitation is increased, the current

density may also be increased.

Rates of flow fro

one to

four feet per second have proved most economical.(8)
The slIver content of the solution also affects the
current density.

The graph in figure I shows the ratio of

permissable current to silver content of the bath.(8)
Hickman, Weyerts, and Goehler(9) give an excellent
discussion regarding the improvement of silver deposition
by the addition of gelatin and certain pro:.:oters such as
thiourea to the silver thiosulfate solution.

~nen

the

cathode acquires silver from a silver thiosulfate solution
containing n.o gelat in, a number of differently oriented
crystal lattice areas will develop into crystals with faces
growing at various speeds thus causing a rough deposit.

If

a small quantity bf an amphoteric colloid such a8 gelatin
is added to the solution, the colloid will migrate to the
cathode and be deposited in a structure of sufficient strength
ickman, Sanford, and Wegerts,

~

Cit., p. 5.

(9) Hickman, Wegerts, and Goebler,

~

Cit., p. 5.

(8)

-10-

10
(Solution flowin 6 past cathode
at one foot p~r second)

9

~

~

i
tl)

8

0

ell
G-t

-1---- -~----

H
~

7

rn

I

III

'"C
0

6 l-----+-----I-------[-- - --

..c:

t -

---

~

ell
0

5

~

0
0

G-t
Q)

H

4

ell
;J

0

3

rn
H
C)

p.,

2

en
tl)

H
III

p.,

1

I

E

~

0

I
0

I

2
3
4
Grams of silver per liter

5

6

Figure 1. RATIO OF PEhli.l..jSAi3LE CUHl\EiH TO SILVEH CONTENT
OF J3A l'H

-11-

to interfere with the builaing of the silver crystal lattice.
If there is only a small

~nount

of gelatin (one part in a

thousand), no loss of conductivity results and the fluidity
in the immediate neighborhood of the cathode does not diminish; thUB the plating proceeds smoothly.
The function of thiourea or other promoter is probably
as follows:

1) as a polar molecule it can migrate to the

cathode where it competes for position with the gelatin,
and 2) as a substance having a great affinity for silver
chloride, it can act as a carrier for silver, and forms a
complex which migrates toward the cathode instead of in the
opposite direction taken by the silver t_lloslAlfate ions.
Sulfite ions are important in the solution to prevent
the acidic decomposition of sodium thiosulfate and to destroy
any hydroaulfite formed.

There is always a small amount of

silver sulfide formed and acid sulfite acts as a digesting
agent for this precipitate.

-12-

REAGENTS AND SOLUTIONS USED
Standard solutions of potassium thiocyanate were prepared by standardization with silver nitrate solutions of
known normality using ferric nitrate as an indicator.
Sodium thiosulfate solutions of various strengtbs were
prepared by dissolving varying amounts of reage,nt grade
sodium thiosulfate (fine crystals), Na2S203'5 H20, in distilled water.
Alkaline fusions were made using reagent grade sodium
carbonate and sodium peroxide.
Silver sulfide precipitations were made in tbe silver
sodium thiosulfate solutions by the addition of normal
sodium sulfide.

Tbis latter solution was prepared by di-

viding a measured volume of normal sodium bydroxide solution
in equal parts, saturating one part with hydrogen sulfide,
and then combining tbe two portions.
Quicking solution for

ama1ga~ating

copper cathodes was

prepared as follows:(lO) 14.6 grams of mercuric chloride
\'!ere dissolved in about 300 milliliters of water and caustic
soda solution added until there was no further precipitation.
The precipitate was allowed to settle and the clear liquid
poured away.

After washing tbe precipitate with water, it

was dissolved in about 250 milliliters of a cyanide solution
containing 28.4 grams of potassium cyanide.

Thi£ solution

lias tben diluted to, one liter.
(10) Field, S. Tbe principles of electro-deposition.
Longmans, 1911. 383 p.

London,

-13-

DESCRIPTION

O~

ELECTROLYTIC APPARATUS

The electrolytic apparatus used t ..roughout the research
was primarily the same as that shown in figure 3.

Individual

parts of the apparatus are pictured in figure 2.
Electrolysis took place in the glass battery jar (A)
which was 9 centimeters wide, 11.25 centimeters long, and
S centimeters high.

The anode chamber consisted of a porous

cup (B), S centimeters in diameter and 11 centimeters high,
in which was suspended an arc lamp carbon (C) which served
as the anode.

The porous cup serve

to prevent oxidation

anodic products from reacting with the cathodic products
to form an undesirable sludge.
Four different types of cathodes were used in order to
determine the characteristic plating act len of each.
cathodes were:
platinum foil

These

an arc lamp carbon (D), sheet copper (E),
(F~,

and stainless steel plate (G).

The metal

catho es were constructed so as to present a cathode surface
of one square decimeter each.
The solution was agitated by a portable motor stirrer (H)
to give a surface velocity of approximately two feet per
second.
Alternating current was converted to direct current by
a

estinghouse Rectox Rectifier,-T-7 (J) designed to operate

on 11S-vo1t, 60 cycle alternating current.

This current was

reduced further by a Powerstat Variable Transformer, Type 116
(K) which was capable of providing a current density as low

-14-

as 0.01 ampere per square decimeter.
The direct current was measured by installing a feston
milliammeter (L) connected Inseries along the positive lead
between the

transfor~er

an

the cell anode.

Voltage across

the electrodes was measured by a Wes on millivoltmter ( ) •
.A diagram of the electrical circuit is given in figure 4.

-15-

Fi~re

2. THE INDIVIDUAL PARTS OF THE ELECTROLYTIC
APPARATUS

Figure :3. THE ELECTROLYTIC APP

TUS ASSEMBLED
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-17ELECTROLYTIC PRECIPITATION OF SILVER SULFIDE
The silver chloride-silver thiocyanate residue from
which the silver was to be recovered resulted from the use
of silver nitrate and potassium thiocyanate by students of
quantitative analysis in the volumetric determination of
chlorine.

This residue was washed and drie

approxim~tely 100 0 C.

in an oven at

The dried r sidue was then ground in

a mortar to pass a 100-mesh sieve.
An approximate 0.5

gra~

sample of this pow ere

resl ue

was t en accurately weighed and transferred to a porcelain
crucible containing two grams of sodium carbonate.

pproxi-

mately two grams of sodium peroxide were then added to the
crucible followed by five additional grams of sodium
carbonate.

his mixture was then fused over the flame of

a Fischer burner for on - alf hour.

The crucible was then

cooled and transferred to a 200 milliliter beaker containing

75 milliliters of boiling water.

After boiling for five

minutes, the crUcible was removed an
hot water.

thoroughly washed with

The solution was then filt red by decantation

through medium filter paper and thoroughly wa hed with hot
water to remove all soluble sa ts.

The rinsed crucible was

then placed back in the beaker along with the fused silver
compound.

Twenty milliliters of 1:1 nitric acid were added

and the resultin

solution brought to boiling.

After all of

the silver was dissolved, the crucible was removed and
thoroughly rinsed with bot dilute nitric acid.

ny of the

-18-

silver compound remaining on the filter paper was dissolved
in hot nitric aci

solution and transferre" to the beaker

containing the dissolved silver •. This eolution was then
diluted to 100 milliliters and titrated with 0.1 N potassium thiocyanate.
Results of this silver determination are

gi~en

in

table 1.

TABLE 1

SILVER CONTENT OF THE WASTE SILVER RESIDUE
Sample number

I

2

3

Weight of sample

( grams)

0.7604

1.2833

0.6687

Weight of silver
in sample

( grams)

0.5220

0.8850

0.4585

Percentage of
silver in sample (per cent)

68.50

68.80

68.65

Average percenta e composition - 6 .65 per cent silver

-19In experiment I (see table 2), approximately 10 grams
of the silver residue was accurately weighed and placed in
the battery jar.

This residue was then dissolved in a

solution containing 50 grams of sodium thiosulfate, 500
milliliters distilled water, and one milliliter of sodium
hydroxide (6 N) to insure a basic solution.
of the residue remained undissolved.

A small amount

A direct current of

one ampere and six volts was then passed through the solution
for 105 minutes.

(No porous cup was used in this experiment.)

A black precipitate formed at the arc lamp carbon cathode
and settled to the bottom of the cell.

Analysis of this

precipitate proved it to be silver sulfide.

The electro-

lyzed solution was then filtered and the precipitate wae
dissolved in 1:1 nitric acid and brought to the boiling
point.

All of the silver sulfide was dissolved but a gray

yellow precipitate, previously obscured by the black silver
sulficie, remained undissolved.

This solution was then

filtered into a 400 milliliter beaker and the insoluble
precipitate thoroughly washed With hot dilute nitric acid.
The filtrate was then ailuted to exactly 500 milliliters
and a ten milliliter aliquot was titrated with potassium
thiocyanate.

The weight of silver contained in the solution

was then determined and the percentage of silver recovered
as silver sulfide was calculated.
Althougb a small amount of the original silver residue
remained undissolved in the sodium thiosulfate solution,
a larger quantity of insoluble material remained after

-20-

solution of the silver sulfide in nitric acid.
in insoluble material indicated

th~t

This increase

some additional compound

had been precipitated during electrolysis.

TABLE :2
ELECTROLYTIC PRECIPITATIO"T OF ,.,ILVER SULFIDE

Experiment I
500 mI. electrolyte

Weight of silver
in residue sample
Duration of
electrolysis
We ight of s ilv.er
recovered as A82S
Percentage of silver
recoverea. as A~S

1 ampere

6 volts

(graIn s)

6.40

(minutes)

105.00

( grams)

5.15

(per cent)

85.40

-21-

Procedure used in experiments II-VIII (see table 3)
differed from that used in experiment I as follows:
The weight of the residue samples was reduced to
approximately five grams.

The portion of the resiaue which

remained undissolved in the thiosulfate solution was filtered off and analyzed for silver content.

A porous cup

was placed around the arc lamp carbon anode to prevent
anodic products from reacting with the cathodic products.
All other conditions were held constant and the time of
electrolysis was varied in order to establish a minimum
ti e of electrolysis for maximum recovery of silver.
Several experunents were con ucte

using the thio-

sulfate solution from previous silver sulfide filtrations
to determine whether the electrolyte could be used more
than once.

TABLE 3
ELECTROLYTIC PRECIPITATION OF SILVER SULFIDE
Experiments II-VIII
500 mI. water

50 grams Na2S203·5 HeO
II

III

IV

3.02

3.05

3.05

(minutes) 60.00

45.00

2.33

Percentage silver recovered (per cent) 85.63

txperiment number
Weight of silver
in residue sample
Duration of electrolysis
Weight of silver recovered

Percentage silver in
insoluble silver residue

(grBlilS )

( grams)

(per cent)

0.01

1 ampere
V

6 volts
VI

VII

3. 05

3.05

1·40

0.67

40.00

30.00

45.00

45.00

45.00

2.62

2.55

2.21

2.15

1.69

0.95

85.82

83.80

72.50

68.92

121.00

142.00

0.06

0.08

0.05

0.80

1.00

1.20

VIII

I
I\)
I\)

t

-23Analysis of the waste silver residue remaining undissolved in the sodium thiosulfate solution showed that the
silver content of this residue was very low and coul

be

considered negligible.
Percentage of silver recovered in experiments IV and V
was somewhat leas than that recovered in other experiments
because of the shorter time allowed for electrolysis.
from table 2 when

co~pared

Data

With experimen a II-V of table 3

showed that the most efficient time of electrolysis was

45 minutes.
The electrolyzed solution from experiment V was used
to dissolve the silver residue sample in experiment VI.
The low percentage of silver recovery obtained in this latter
experiment was due to a loss of current resulting fro- the
corrosion of the electrodes.

For most efficient oper9t10n,

the electrodes and their electrical connections should be
cleaned after each electrolysis.
The volume of solution from experiment VI had increased
to about 900 milliliters because of accumulated washings
from previous filtrations.

This volume, therefore, was

divided in half and used in experiments VII and VIII.

Since

these divided portions contained only one half of the original
sodium thiosulfate salt, only half as much silver was dissolved in each of the solutions.

The resulting recovery

of more than 100 per cent of the silver was due to the
amount of dissolved silver contained in the solution Which
bad not been precipitated in experiments V and. VI.

-24-

The quantity of insoluble material precipitated during
the formation of silver sulfide was not lessened by the presence of the porous cup surrounding the anode.
it was conclude
fro~

Therefore,

that this insoluble precipitate resulted

the electrolytic decomposition of compounds contained

in the electrolyte.
Procedure followed in experiments II-VIII was modified
in experiments IX-XIII as shown below:
The portion of the original silver residue which
remained undissolved in the thiosulfate solution was not
filtered off prior to electrolysis.

The cathode surface

was doubled by the addition of another arc lamp carbon.
Electrolyte of experiments XI-XIII had been used in preVious experiments.
Aa a result of the larger cathode surface used in
experiments IX-XIII and the continued use of the electrolyte,
it was found that the amount of silver recovered was increased almost ten per cent.
Experiment IX waB made allowing only 22.5 minutes for
electrolysis and resulted in only 65.25 per cent of the
silver being removed.
The amount of silver recovered in experiment X seemed
unusually large.

Experiment Xa was made under conditions

identical to those under Which experiment X was made and
although the percentage of recovery was less, it was still
better than that obtained in experiments II-VIII.
Experiments XI-XIII confirmed previous observations
that the continued use of used electrolyte solutions was

TABLE 4ELECTROLYTIC PRECIPITATION OF SILVER SULFIDE
Experiments IX-XIII
3.02 grams silver

500 rol. water

5C grams Na2S203·5 H20
IX

Experiment numbers

X

Xa~

1 ampere

6 volts

XI

XII

XIII

(minutes)

22.50

4-5.00

45.00

45.00

45.00

45.00

(grams)

1.97

2.81

2.71

2.66

2.78

2.83

Percentage silver recovered (per cent)

65.25

92.7 0

89.80

88.10

92.00

93.70

Duration or electrolysis
Weight of silver recovered

Note:

1Experiment Xa made under conditions identical to those of experiment

x.

"
~
I

feasible •. Besides the ability of the used electrolyte to
dissolve additional residue,

much of tbe silver not removed

from solution in previous experiments was removed in subsequent experiments.
separate experiment was performed to determine the
silver content of the precipitate which oocured along with
the precipitation of the silver sulfide but which did not
dissolve in nitric acid as did the silver sulfide.

See

table 5 for data concerning this experiment.
After the silver sulfide had been dissolved , the
remaining precipitate was filtered by suction through a
fritted crucible previously dried at 110 0
weight.

c.

to a constant

This precipitate was then dried to constant weight.

Care was taken so that the temperature did not rise above
1100 C. since the precipitate began to decompose around
130 0

c.
The dried precipitate was transferred to a porcelain

crucible of known weight and analyzed for silver content
as described on page 17.

The percentage of original silver

contained in the insoluble precipitate was found to be
3.50 per cent.
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TABLE 5

FINAL DISTRIBUTIOT rF SILVER AFT
ELECT OLYTIC PRECIPITATION
OF SILVER SULFIDE

Weight of silver in
original residue sample

( grams)

3.43

Weight of insoluble
precipitate after drying

( gram s)

0.87

Weight of silver in
insoluble precipitate

( grams)

0.12

Percentage of silver in
insoluble precipitate

(per cent)

13.80

Percentage of original
silver contained in
insoluble precipitate

(per cent)

3.50

Percentage original
silver recovered as A&2S

(per cent)

88.10

Percentage original silver
remaining in electrolyte

(per cent)

8.40

-28-

The silver sulfide precipitated as described in the
foregoing experiments was converted into a silver nitrate
solution suitable for use by students of quantitative
analysis for use in both the volumetric and the gravimetric
methods for the determination of chlorine.
Since the amount of silver thiocyanate in the original
silver residue was found to be negligible, the chemical
reactions leading
solution may b

~o

the formation of a silver nitrate

shown as follows:

a) Dissolving residue in thiosulfate solution

Agel + Na 2 S a 03

=

NaAgS 2 0 3 + NaCl

b) Electrolytic precipitation of silver sulfide
2 NaAgS a 0 3

electr2lysis

Ag 2 S + polythionic salts

c) Dissolving of silver sulfide in nitric acid

3 AgaS + 8 HN0 3

=

6 AgN0 3 + 2 NO +

4 H2 0

+ 3 S

-29-

ELECTROLYTIC DEPOSITIO

J

OF

~mTALLIC

SILVt;'R

Because of the large volumes of solution which had to
be filtered to recover the silver as silver sulfide, it was
decided to experiment with the recovery of metallic silver
on metal cathodes.

It was reasoned that if metallic silver

c,ould be recovered efficiently, it could t en be converted
into a usable form (slIver nitrate solution) by merely
dissolving the metallic silver in nitric acid.

Several

differe t metals were used as cathodes to determine which
would give the most efficient recovery of silver.
The electrolyte was prepared by dis olving approximately
60 grams of the waste silver residue in 800 milliliters of
a 25 per cent by weight thioaulfate solution and heating
this mixture to 60° C. to insure maximum solUbility.
table 6.)

(See

This solution was then filtered by suction

through a Buchner funnel using medium filter paper.

The

residue was discarded and approximately 20 grams of sodium
bisulfite were added to the filtrate which was then ready
for electrolysis.

Electrolysis

w~s

conducted for varying

periods of time and at varying current densities using
cathodes of the different metals.
To determine the optimum temperature for maximum solubility of the silver residue, the thiosulfate solution
containing the residue was heated to various temperatures
and the silver content in solution at each temperature was
determined as follows:

-30-

The solid matter was allowed to settle and 5 milliliters
of the clear solution was transferred to a 250 milliliter
beaker by means of a pipette.

This aliquot was then diluted

to 100 milliliters and normal sodium sulfide. solution was
added in sufficient quantity to precipitate all of the silver
as silver sulfide.

This precipitate was then allowed to

settle and was filtered through medium filter paper.

The

precipitate was dissolved in hot 1:1 nitric acid solution,
the resulting solution diluted to 100 milliliters and titrated with potassium thiocyanate solution.

The amount of

silver contained in five milliliters of the thiosulfate
solution was then calculated.

TABLE 6
OPT

UM TEMPERATUR

FOR MAXIMU

SOLUBILITY OF

WASTE SILVER RESIDUE

Temperature

Silver contained
per 5 ml. solution

(oC. )

(grams)

25

0.1655

30

0.1682

40

0.1716

50

0.1735

60

0.1748

70

0.1746

-31At 70 0

c.

the thiosulfate solution containing the silver

residue began to decompose to yield a black precipitate of
silver sulfide.
maximum of 60 0

Therefore, the solution was heated to a

c.

before starting electrolysis.

Maximum

solubility of the silver residue was thus obtained without
precipitating silver sulfide.
The first metal to be used as a cathode was sheet
copp~r.

It was soon found that this copper cathode went

into solution by simple immersion replacing the silver from
the solution.

The

8~lver

that was deposited on the cathode

was not recoverable since the co per also dissolved in the
nitric acia thus contaminating the desirea silver nitrate
solution.

Amalgamated copper cathodes were also tried but

even thou h loss of copper in solution by simple immersion
was lessened, the problem of contaminating the silver nitrate
solution still existed.
Because of the difficulties encountered in using the
copper cathode, it was replaced with an
of medium wei3ht platinum foil.

uncorro~ible

cathode

Data obtained using the

latter type of cathode is given in table 7.
Experiment XIV took place over a period of 34 hours
in order to determine minimum amount of silver required
in solution to provide efficient recovery as well as to
determine the effect of lengthy electrolysis on the sodium
thiosulfate contained in solution.

In order to maintain

the thiosulfate ion concentration as constant as possible,
a total of approximately ten additional grams of potassium
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TABLE 7
RECOV~RY

OF SILV,

USING PLATINUM CATHODE AND CARBON ANODE
Experiment XIV

Duration of Current
electrolysis density
( hours)
2

Voltage

Amount silver
deposited

Total silver
accumulated

( grams)

( grams)

2.13

2.13

(amperes
(volt s)
per sq.dm.)
2.0
0.50

4*

0.50

2.0

2.16

4.29

6

0.50

2.0

1.60

5.89

10

1.00

2.5

7.96

13.85

14

1.00

2.5

7.00

20.85

16"~

1.00

2.5

4.65

25.50

18

0.50

2.0

1.67

27.17

2 Oil-

0.50

2.0

3.12

30.29

23

0.50

2.0

2.31

32.60

27

0.25

1.5

0.39

32.99

30*

0.25

1.5

0.08

33.07

34

0.25

1.5

0.04

33.11

Total silver in solution prior to electrolysis: 41.65
Total silver removed as metallic deposit:

33.11

Total silver remaining in solution:

1.67

Total silver in anodic deposit of

6.66

*

A~S:

Cathode removed and stripped of silver deposit.
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bisulfite were added in small portions at varying intervals
in addition to the initial 20 grams added prior to electrolysis.
Although the solution in the cell remained clear throughout the electrolysis, the porous cup surrounding the anode
was found to contain a substantial amount of a black precipitate, presumably silver sulfide.

To determine the silver

content of this ano 1c precipitate, it was filtered, dried,
and weighed.

A weighed port1on of this dried precipitate

was then analyzed and found to contain 32 per cent silver.
The total amount of silver contained 1n the anodic

recip1-

tate was then calculated to be 6.66 grams.
It was found that 33.11

gr~ns

of silver were recov red

as metallic silver and the final electrolyte analysis showed
a total content of 1.68 grams of silver.

A total of 41.44

grams of silver was thus accounted for as compared to the
41.65 grams of' silver that was contained in the solution
prior to electrolysis.
At various intervals, electrolysis was stopped and the
cathode was removed, rinsed, dried, and weighed thus obtaining the amount of silver deposited in a specific time.
(See graph, figure 5.)
The current density was purposely varied to determine
the most efficient operating conditions.
The rough deposit of silver was removed from the cathode
at the end of 4 hour-s, 16 bours, 20 hours, and 30 hours.
Before dissolving the silver in nitric acid, an attempt

-35was made to remove the silver metal from the cat ode by
peeling.

At the end of 4 hours, the cathode was removed

and a small portion of the deposit peeled off.

This re-

vealed a very bright deposit of silver next to the platinum
surface.

Much care bad to be taken, however, since the

platinum foil tended to tear as the silver was peeled from
its surfaee.

Solution in nitric acid, therefore, was found

to be the most logical method of stripping the silver from
the cathode.
For experiment x:l, the electrolyte remaining from
experiment XIV was treated with approximately 40 grams of
the silver residue and 25 grams of sodium thiosulfate
crystals.

This solution was then heated to 60 0 C., cooled~

filtered, and permitted to stand for twenty-four hours.
Thick needle shaped crystals were found to have crystallized
from solution.

Further examination of the crystals revealed

that they were insoluble in cold water, slightly soluble
in hot water, and soluble in fresh thiosulfate solution.
The crystals '...ere analyzed and found to contain 42 per cent
silver and 26 per cent sulfur which closely approximated
the composition of sodium silver thiosu,lfate,

NaAg~03. (11)

Analysis of the electrolyte, after removing the crystals
by decantation, showed a total silver content of 10.20 grams.
Twenty grams of potassium bisulfite were then added and
SUbsequent electrolysis using the platinum cathode removed
(11) Mellor, J. W.,

~

Cit., p. 7.
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TABLE 8

RECOVERY OF SILVER USING PLATINUM CATHODE AND CARBON ANODE
Experiment
Duration of Current
electrolysis density
(hours)

Voltage

)0/

Amount silver
deposited

Total silver
acoumulated

( grams)

(gram e)

( amperes
per
( volts)
sq. dm.)

3

1.0

2.5

4.84

4.84

6

1.0

2.5

4.48

9.32

Total silver in solution prior to electrolysis:

10.20

Total silver removed as metallic deposit:

9.32

Total silver remaining in solution:

0.55

Total silver in anodic deposit of

0.33

A~S:

-379.32 grams of metallic silver.

Final analysis of the solution

s owed a total silver content of 0.55 gram.

Only 0.33 gram

of silver, therefore, was precipitated as silver sulfide by
anodic decomposition.
Because of the expense and fragility of the platinum
cathode, it was decided to experiment with more sturdy
cathodes of stainless steel.

These etee1 cathodes were

cleaned by first scouring with a cleansing powder and then
boiling in a saturated caustic potash solution for one hour.
Experiment XVI (see table 9) was performed using an
electrolyte containing agar-agar in an attempt to obtain
a deposit which coulu be stripped from the steel cathode
by mechanical means.

Although good silver recovery was

obtained, the silver was firmly deposited on the cathode
along with the agar-agar and had to be removed by dissolving
in nitric acid.
Experiment XVII (see table 10) was the first of the
experiments conducted with two steel cathodes, each having
a surface area of one square decimeter.

The carbon anode

was placed in the center of the cell and one cathode was
placed at each end of the cell (see figure 4).

This arrange-

ment shortened the distance between electrodes to five
centimeters.

A more rapid rate of silver recovery was

obtained even though the deposit was not evenly distributed
on the cathodes; the majority of it was deposited on the
cathode surface facing the anode.

In order to obtain a

more evenly distributed deposit of silver, the cathodes

-38-

TABLE 9
RECOVERY OF SILVER U I G 0
STEEL C THODE ArID
A CARBON ANODE
Exper"iment XVI
Duration of Cur e t
electrolysis density

oltage

(hours)

( amperes
per
sq. dm.)

(volts)

( grams)

3

1.0

4.5

6.44

6.44

5

0.9

4.3

4.33

10.77

8

0.8

4.0

3.46

14.23

Amount silver
deposited

Total silver
accumulated
(grams)

Total silver in solution prior to electrolysis:

15.29

Total silver removed as metallic deposit:

14.23

Total silver remaining in solution:

0.66

Total silver in anodic deposit of

0.40

A~S:
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TABLE 10
RECOVERY OF SILVER USING T 0 STEEL CAT ODES AND
A CARBON ANODE
Experiment XVII
Duration of Current
electrolysis density
(hours)

2.5

( amperes
per
sq. dm.)
1.0

Voltage

Amount silver
deposited

Total silver
accumulated

( volts)

( grams)

( grams)

4.5

9.81

9.81

4.0

1.0

4.5

S.06

17.87

5.0

1.0

4.5

4.66

22.53

9.0

1.0

4.5

5.32

27.85

Total silver in solution prior to e lectroly sis:

28.80

Total silver removed as metallic deposit:

27.85

Total silver remaining in solution:

0.60

Total silver in anodic deposit of AB2S:

0.35

-40were turned at each cessation of electrolysis.
The carbon anode began to deteriorate after long use
and this led to a study of other
Exper~nent

poss~ble

types of anodes.

XVIII (see table 11) was conducted using

a stainless steel anode

~laced

at one end of the cell and

the two steel cathodes placed at the opposite end of the
cell.

This arrangement of the electrodes resulted in

a rate of silver recovery less than that obtained in experiment XVII.

Electrode arrangement in all subsequent experi-

ments, therefore, was identical to that used in experiment
XVII.
After electrolysis, the steel anode was found to be
heavily corroded.

Because of this corrosion, no further

experiments were performed using this type of anode.
Experiment XIX (see table 12) was performed using a
platinum anode placed midway between the two steel cathodes.
This anode remained bright throughout electrolysis and
showed no signs of corrosion.
The electrolyte in all previous experiments had been
prepared using distilled water.

Ordinary tap water was used

in experiment XIX, however, since this type of water is
less expensive and is used in most photographer's fiXing
baths.

Results were gratifying as efficient silver recovery

was maintained.
To avoid cessation of electrolysis at different intervals to weigh the cathode deposit, a five milliliter aliquot
of the electrolyte was analyzed at specified time intervals
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TABLE 11
RECOVERY OF SILVER USING TWO STEEL CATHODES AND
A STEEL AJ.'fODE
Experiment XVIII
Duration of Current
electrolysis density

5

( amperes
per
sq. dIn.)
1.0

9

1.0

(hours)

Voltage

Amount silver
deposited

Total silver
accumulated

( volts)

(grams)

(grams)

4.5

18.06

18.06

4.5

3.24

21.30

Total silver in solution prior to electrolysis:

23.02

Total silver removed as metallic deposit:

21.30

'rotal silver remaining in solution:

1.12

Total silver in anodic deposit of

0.60

A~S:
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TABLE 12

RECOVERY OF SILVE USING TWO STEEL CAT ODES A
A PLATI~~ ANODE
Experiment XIX
0.5 amperes per sq. dm.

800 mI. solution

4.5 volts

Duration of
electrolysis

Total silver
remaining in
solution

Amount silver
deposited

Total silver
accumulated

(hours)
0

(grams)
29.44

( grams)
-----

(grams)
-----

2

20.48

8.96

8.96

3

16.68

3.80

12.76

6

8.96

7.72

20.48

7

4.91

4.05

24.53

8

0.96

3'.95

28.48

10

0.08

0.88

29.36

13

negligible

negligible

29.36

Total weight of cathode deposit:

28.83

Total silver in cathode deposit:

27.97

Silver content of deposit

96.90 per cent
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-44thuB enabling the experimenter to determine the rate of
silver recovery with a minimum lose of time.

This analysis

showed a total recovery of 29.36 grams and weighing of the
dried cathodes after electrolysis was completed showed
28.83 grams of silver actually deposited.
The silver deposited on the cathode was dissolved in
1:1 nitric acid and the resulting solution was diluted to
exactly 500 m.illiliters.

Subsequent analysis of an aliquot

of this solution by titration with potassium thiocyanate
revealed a silver content of 27.97 grams thus showing the
deposit ·to contain 96.90 per cent silver.
Assuming 27.97 ,grams of silver recovered, calculation
of the per cent of original silver in solution actually
removed as metallic silver showe

a 95 per cent recovery.

A graph showing the rate of silver recovery in experiment XIX is given in figure 6.

It was observed from this

graph that maximum rate of silver recovery was obtained at
a current density of 0.5 ampere per square decimeter when
the silver content of the electrolyte did not fall below
25 grams per liter.
Experiment XX (see table 13) was conducted using a
current density of one ampere. per square decimeter.

The

rate of silver recovery was found to be about tWice that
using a current density of 0.5 ampere per square decimeter.
After three hours of electrolysis, however, a very dark
deposit began to form on the cathodes.

Electrolysis,

therefore, was stopped and the cathod s were removed, washed,

-45dried, and weighed.

The silver deposit was then dissolved

in nitric acid and the quantity of silver present in the
deposit was determined.
26.70

This deposit was found to contain

rams of silver or a percentage composition of 98.50

per cent.
The clean cathodes were then returned to the cell and
electrolysis was conducted for an adaitional one-balf hour.
black deposit still occurred, however, and the rate of
recovery was noticeably less.
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TABLE 13
RECOVERY OF SILVE USI G TWO STEEL CATHODES AND
A PLATINUM ANODE

Experiment XX

1.0 ampere per sq. dm.

8.5 volts

800

ml~

solution

Total silver
remaining in
solution

Amount silver
deposited

Total silver
accumulated

( grams)

(grams)

( grams)

37.28

-----

-----

0.5

31.20

6.08

6.08

1.0

26.72

4.48

10.56

1.5

22.56

4.16

14.72

2.0

18.50

4.06

18.78

2.5

14.25

4.25

23.03

3.0

10.40

3.85

26.88

3.5

7.40

3.00

29.88

Duration of
electrolysis
(hours)
0.0

After 3 hours of electrolysis:
Total weight of cathode deposit:

27.15

Total silver in cathode deposit:

26.70

Silver content of deposit - 98.50 per cent
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Experiment XXI (see table 14) was

perfo~med

in the cell

described in experiment XIX with an electrolyte made up of
a used fixing bath solution obtained from a local photographic shop.

This thiosulfate bath was found to cont.a.in

only 4.06 grams of silver per 800 milliliters of solution.
After subjecting this bath to electrolysis for two and onehalf hours, only 2.54 grams of the silver were recovered.
The deposit also became very dark after two hours of electrolysis.
Separation from a bath with such a low silver content
therefore, was found to be impractical with the apparatus
used.

If desired, however, the solution could be used as

a solvent for the waste silver residue since it contained
25 per cent by weight of sodium thiosulfate.

-49-

TABlE 14

RECOVERY OF SILVER FROM A USED FIXING BATH
Experiment XXI
1.0 ampere per sq. dm.
Duration of
electrolysis
( hours)

*

8.5 volts

800 mle solution

Total silver
remaining in
solution

Amount silver
deposited

( grams)

( grams)

Total silver
accumulated
(grams)

0.0

4.06

1.0

2.83

1.23

1.23

2.0*

1.65

1.18

2.41

2.5

1.52

0.13

2.54

Deposit became very dark after 2 hours of electrolysis.

-50-

CONCLUSIONS
Sodium thiosulfate solution was found to be a very
satisfactory solvent for the waste silver residue.
Recovery of the silver by the electrolytic precipitation of silver sulfide was proved to be feasible but was not
as efficient as the electrolytic deposition of the metallic
silver.

The metallic silver deposit was found to be 98.50

per cent pure.

Solution of the metallic silver in dilute

nitric acid resulted in a satisfactory silver nitrate solution.
Of the various types of cathodes studied, the steel
cathodes were found to be the most practical.

The observed

deterioration of the carbon anode in one of the experiments
does not preclude the possible use of graphite anodes in
a large cell.

Obviously platinum anodes 1n larger cells

would be economically impractical.
Installation of a porous cup around the anode proved
effective in preventing anodic decomposition products from
entering the main body of tbe electrolyte and contaminating
the cathode deposit.
The most suitable electrolyte was a 25 per cent by
weight of sodium thiosulfate solution containing 20 grams
of sodium bisulfite and a maximum of 50 grams of silver
per liter.

Ordinary tap water was proved to be a Buitable

solvent for the soluble salts and continued use of the
electrolyte was made possible by replenishing one liter
of the used electrolyte with 30 grams of sodium thiosulfate

-51and ten grams of sodium bisulfite after each ten hours of
electrolysis.
Because of the small concentration of silver in a used
fixing bath, recovery of the silver therein was not feasible
by the process developed in the foregoing experimentation.
For a cell of the ty,pe used in this experimentation,
the optimum current density was determined to be one ampere
per square decimeter as long as the silver content of the
electrolyte remained above 12.5 grams per liter.
A larger cell, capable of recovering silver at a rate of
40 grams per hour, could be constructed by substituting an
old storage battery case for the glass battery jar.

The

average sized battery case is about 17 centimeters wide t
20 centimeters deep, and 25 centimeters long.

A battery

case of this size could accornodate five steel cathodes and
s~x

graphite anodes.

Each of the cathodes would consist of

two steel plates (each plate having a surface area of one
square decimeter) placed side by side two centimeters apart.
Two or more arc lamp carbons, each surrounded by a porous
cup or cloth filter bags, would comprise each anode.
Agitation of the solution could be provided by installing three air operated stirrers, one placed in the center
of the cell and one at each end.

The space left between

the cathode plates would facilitate circulation of the solution.
This cell arrangement would enable a cur'ent of ten
amperes to pass to an aggregate of ten square decimeters

-52of cathode surface.
The battery case would bave a seven liter capacity and
with a silver concentration of 50 grams per liter, electrolysis could be conducted without interruption for an
eight hour period.
Based upon the direct current output consumption, the
power cost per

gr~~

of silver recovered at a cur ent density

of one ampere per square decimeter was found to be more than
tWice the power cost per gram recoverea at a density of 0.5
ampere per square decimeter.

A true power cost, bOr/ever,

should be calculated on the basis of the alternating current
input into the rectifier.

This power input was measured

ana found to be 90 watts.
Since the average rate of silver recovery at the larger
current density was eight grams per hour (see figure 7),
40.86 kilowatt-bours would be required to recover one pound
of silver.

The present cost of electrical power is t,'i'O

cents per kilowatt-hour and the cost of silver nitrate
crystals is $7.32 per pound.

One pound of silver is equiva-

lent to 1.575 pounds of silver nitrate.

Therefore, silver

nitrate solution containing $14.06 worth of silver nitrate
could be prepared at a power cost of one dollar by the electrolytic method of silver recovery used in the foregoing
experimentation.

The cost of chemicals used in this silver

recovery was negligible when compared to the power cost.
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SUMMARY

A simple and economical electrolytic process of recovering silver in a usable form from waste silver residues
accumulated by students of quantitative analysis bas been
discussed.
This process involves the solution of the silver residue
in a 25 per oent by weight sodium thiosulfate solution and
sUbsequent electrolytic deposition of metallic silver on
steel cathodes at a low current density (one ampere per
square decimeter).

'1'he metallic silver is then dissolved

in dilute nitric acid.

The resulting silver nitrate solution

is suitable for use in the quantitative determination of
chlorine by both the volumetric and the gravimetric methods.
Suggestions have been set forth from which a working
cell may be constructed of sufficient capacity to recover
all silver accumulated in the quantitative analysis laboratories.
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